Introduction
With 494 species of Neotropical, direct-developing frogs (Frost, 2016) , Pristimantis Jiménez de La Espada, 1870 is the richest genus of vertebrates. The largest phylogenetic analysis of the genus included only approximately 33% (160 species, Mendoza et al. 2015) , meaning that the phylogenetic relationships of most species have never been tested. Padial et al. (2014a, b) recognized 11 species groups, although most species were not assigned to any group. Three species groups have not been included in any phylogenetic analysis: the Pristimantis bellona, P. leptolophus, and P. loustes species groups. The characters used to diagnose these species groups are understudied, rendering the taxonomic placement of newly described species tentative and frequently erroneous without genetic data (Padial et al., 2014a) .
The Pristimantis leptolophus group was proposed by Lynch (1991) as an explicitly phenetic assemblage lacking known synapomorphies. The group currently comprises eight species distributed in the Cordillera Central and northern Cordillera Occidental of Colombia: P. leptolophus (Lynch, 1980) , P. peraticus (Lynch, 1980) , P. maculosus (Lynch, 1991) , P. parectatus (Lynch and Rueda-Almonacid, 1997) , P. scoloblepharus (Lynch, 1991) , P. uranobates (Lynch, 1991) , P. lasalleorum (Lynch, 1995) , and P. stictus (González-Durán, 2016) . As noted by Lynch (1991) , species of the P. leptolophus group resemble the species of the P. myersi group. Hedges et al. (2008) proposed a phenotypic diagnosis for the Pristimantis leptolophus group following those of Lynch (1991) and Lynch and Duellman (1997) : 1) small size (female snout-vent length [SVL] < 30 mm); 2) robust bodies, narrow heads, short snouts, moderately long legs; Finger I shorter than Finger II, Toe V much longer than Toe III, extending to distal edge of distal subarticular tubercle on Toe IV; 3) digital discs expanded; 4) tympanic membrane and annulus usually present but weakly defined (tympanic membrane and annulus absent in P. peraticus); 5) cranial crests absent; 6) vocal slits and vomerine teeth present. Nevertheless, these characters do not permit the unequivocal assignment of species to the P. leptolophus group, and variation within the species of the group is not discussed, i.e., some species/individuals lack some or all the character states.
Herein, we test the monophyly of the Pristimantis leptolophus group, the relationships among its species, and its relationship with other species and species groups of Pristimantis based on evidence from DNA sequences. Additionally, we review the morphological characters purported to diagnose the P. leptolophus group and discuss the evolution of some phenotypic characters.
Methods
DNA Sequences. We sequenced fragments of different length of the mitochondrial H-strand transcription unit 1 (H1), one comprising partial 12S rRNA, complete tRNAval and partial 16S rRNA (~1500−2400 bp), and other comprising only partial 16S rRNA (~580−1000 bp). For a subset of samples we also sequenced exons of three nuclear genes: recombination activating gene 1 (RAG-1), tyrosinase precursor gene (TYR), and proopiomelanocortin A (POMC). Primers are listed in Table 1 and specimens and GenBank numbers in Appendices 1 and 2. Whole cellular DNA was extracted from ethanol-preserved tissues, liver or thigh muscle, with the DNeasy (QIAGEN, Valencia, CA) isolation kit. Amplification was carried out in a 25μl reaction using the Thermo Scientific PCR Master Mix (2X) (Thermo Fisher Scientific Inc., USA). For the amplifications, the PCR program included an initial denaturing step of 30s at 96°C, followed by 35 (mitochondrial gene fragments) or 45 (nuclear gene fragments) cycles of amplification (96°C for 30 s; 48-54°C for 30 s; 60°C for 60s), with a final extension step at 60°C for 7 min. For low-yielding samples, the annealing temperature was lowered to 46°C. PCR amplification products were cleaned using the Agencourt AMPure XP DNA Purification and Cleanup kit (Beckman Coulter Genomics, Brea, CA, USA), and sequenced by a third party using fluorescent-dye labelled terminators (ABI Prism Big Dye Terminators v. 1.1 cycle sequencing kits; Applied Biosystems, Foster City, CA, USA) with an ABI 3730XL (Applied Biosystems, Foster City, CA, USA). All samples were sequenced in both directions to check for potential errors. Chromatograms obtained from the automated sequencer were read and contigs made using the sequence editing software Sequencher 5.2.3. (Gene Codes, Ann Arbor, MI, USA). Complete sequences were edited and pairwise distances calculated with Geneious v.6.1.6 (Kearse et al., 2012) .
In addition to data generated in this study, we included data for those loci and the following additional loci from GenBank (Appendix I): The protein coding mtDNA genes cytochrome b (cytb), cytochrome c oxidase TYR1R (R) GMAGGGAATGGTGAARTTCTC Heinicke et al. (2007) 2009). Accordingly, the optimal alignment is selected objectively according to the same optimality criterion used to select the optimal topology (Wheeler 1996; 2003a) , i.e., homology provides the explanation for the nucleotide diversity instead of structural or functional similarity (Padial et al. 2014a) . All compute-intensive analyses were executed using the Museu de Zoologia da Universidade de São Paulo's highperformance computing cluster Ace, which consists of 12 quad-socket AMD Opteron 6376 16-core 2.3 GHz CPU, 16MB cache, 6.4 GT/s compute nodes (= 768 cores total), eight with 128Gb RAM DDR3 1600 MHz (16 × 8 Gb), two with 256 Gb (16 × 16 Gb), and two with 512Gb (32 × 16 Gb), and QDR 4X InfiniBand (32 Gb/s) networking.
Analyses included several steps. First, using the standard direct optimization algorithm (Wheeler, 1996) , we ran 15 searches of 6 h each on 704 CPUs (giving a total of 63360 CPU-hours) using the command "search," which implements a driven search composed of random addition sequence Wagner builds, Subtree Pruning and Regrafting (SPR) and Tree Bisection and Reconnection (TBR) branch swapping (RAS + swapping; Goloboff, 1996) , Parsimony Ratcheting (Nixon, 1999) , and Tree Fusing (Goloboff, 1999) , storing the shortest trees from each independent run and performing a final round of Tree Fusing on the pooled trees. Next, we performed 1000 rounds of Tree Fusing of the optimal trees from the 15 driven searches, also using the standard direct optimization algorithm. We then used the exact iterative pass algorithm (Wheeler, 2003a) to calculate the cost of the optimal trees identified in the previous analyses and generate the matrix version of the tree-alignment (i.e., the implied alignment; Wheeler, 2003b) of the optimal tree. Finally, we performed 1320 RAS + TBR of the implied alignment, holding up to 5 trees per replicate, to search for additional optimal trees.
Once we found the optimal trees, we estimated clade support (Grant and Kluge, 2008a ) using the GoodmanBremer measure (GB; Goodman et al. 1982; Bremer, 1988; Grant and Kluge, 2008b ) by determining the difference in length between the optimal tree and all trees visited during a TBR swap of that tree using the corresponding implied alignment. As in any heuristic analysis, the resulting GB values should be interpreted as upper bounds. Although it is possible shorter suboptimal trees would be found by calculating the optimal tree-alignment for each visited topology, the time requirements would be prohibitive unless each search was made extremely superficial. Further, Padial et al. (2014) found that using the implied alignment to estimate support overestimates GB values considerably less than when GB is calculated using a MAFFT (Katoh et al. 2005 ) similarity-alignment, showing that this heuristic is more rigorous than standard support analyses.
Morphology. The terminology for the mandibular depressor muscle was modified from Griffiths (1954 ), Starret (1968 , Savage (1987) and Lynch (1993) regarding the origin of group of fibers: from the annulus tympanicus (AT), otic ramus of the squamosal (SQ), posterior portion of the squamosal inserted in the musculus levator posterior longus (SQp), or dorsal fascia overlying scapula (DF).
Osteological characters/character-states were scored from cleared and stained specimens deposited in the amphibian collections of the Instituto de Ciencias Naturales of the Universidad Nacional de Colombia (ICN), Museo de Herpetologia of the Universidad de Antioquia (MHUA), the University of Kansas Natural History Museum and Biodiversity Research Center (KU), and Field Museum of Natural History (FMNH). Additional osteological observations were based on specimens collected by Juan Daza (JMD), Sergio Escobar (SEL) and Belisario Cepeda (BCQ), all of which are in the process of being deposited in permanent institutional collections. Additional specimens were cleared and stained using Alcian Blue and Alizarin Red following Taylor and Van Dyke's (1985) protocol. Examined specimens are listed in Appendix III. Ossification is usually more extensive in adult females of Pristimantis species than in adult males. As such, to avoid conflating non-equivalent semaphoronts, only adult females were used to score osteological characters. All illustrations were made using a camera lucida coupled to a Wild Heerbrugg stereomicroscope. Osteological terminology is that of Duellman and Trueb (1986) , Trueb (1973) , Guayasamin (2004) , Lehr (2009), and González-Durán (2016) . Fingers are numbered preaxially to postaxially from I to IV. Although this is not consistent with the hypothesis that digit I of other tetrapods was lost in amphibians, it is consistent with usage in Pristimantis taxonomy. We scored the length of Toe V relative to Toe III following Lynch and Duellman (1997) : A) Toe V shorter than III; B) Toe V longer than III, but not reaching the distal subarticular tubercle of Toe IV; C) Toe V much longer than III. Vocal sac terminology follows Boulenger (1896) and Liu (1935) .
Characterization of the exposure of the frontoparietal fontanelle follows the states/characters suggested by Faivovich (2002) . Recently, Heinicke et al. (2015) reported a "posterior frontoparietal fontanelle" (e.g., p. 161) in Tachiramantis. Although the condition of the frontoparietals they refer to entails a valid character-state, it is unrelated to the frontoparietal fontanelle and instead refers to a large, irregularly shaped posterior gap between the frontoparietals.
Results
The concatenated implied alignment has a total of 5866 transformation series. Our driven searches performed 19066 RAS + TBR, 20341 rounds of Tree-Fusing, and 5181 rounds of Ratcheting. Following additional TreeFusing, iterative pass optimization, and swapping of the implied alignment, we obtained 108 most parsimonious trees of 24341 steps. The strict consensus between all most parsimonious trees is presented in Figures 1 and 2 . A complete TBR swap of one of the optimal tree-alignments visited 711286 trees, which were used to calculate GB values for each node. The differences between the most parsimonious trees involve the relationships of Pristimantis lutitus and P. nervicus to P. carranguerorum + P. lynchi, P taeniatus (MC 11208) and P. taeniatus (NRPS 0016) to P. yukpa + P. taeniatus (CJD 069), and three internal nodes in P. leptolophus species group discussed below.
The monophyly of Pristimantis is supported in the optimal cladograms (GB = 9), and Yunganastes is corroborated as its sister group (GB = 20). Our analysis supports Craugastor + Haddadus, Phrynopus (Lynchius + Oreobates), Bryophryne (Barycholos + Noblella), relationships that were also supported by Padial et al. (2014a) , Pyron (2014a) , and Heinicke et al. (2015) . We recover Holoaden and Euparkerella as sister taxa, as reported previously by Canedo et al. (2012) and Pyron (2014) . All other relationships in our optimal trees differ from those of previous analysis.
Tachiramantis is recovered as sister group of Hypodactylus, whereas Heinicke et al. (2015) found support for a sister group relationship with a clade formed by Psychrophrynella, Holoaden, Bryophryne, Noblella, and Barycholops. Within Pristimantis, the P. danae species group was the only group sampled whose monophyly was corroborated (GB = 31). The P. danae group is sister group of a clade composed of Venezuelan species, formerly not referred to any species group, and both clades are the sister group of the P. conspicillatus group. The P. conspicillatus, P. ridens, P. lacrimosus, P. myersi and P. devillei species groups were not monophyletic, and P. galdi and P. chalceus species groups were sampled with one species each in the analysis. Monophyly of the Pristimantis conspicillatus species group is corroborated (GB = 17; Fig. 1 ), albeit with the exclusion of P. carranguerorum (MC 10866) and P. peruvianus (MC 11718); these sequences were deposited in GenBank by Mahecha et al. and we were unable to examine voucher specimens to confirm their identity (see Materials and Methods). The P. ridens species group is not monophyletic because P. moro (AJC 1753) and P. jorgevelosai (JDL 26123) (vouchers not examined) are not closely related to the group. The remaining species of the P. ridens species group form a clade with GB = 12. The six included species of the P. lacrimosus species group were placed in three different clades: Pristimantis schultei + P. bromeliaceus related to P. galdi; P. acuminatus sister group of P. supernatis + P. thymelensis, and P. brevifrons, P. boulengeri and P. dorsopictus recovered in other clade together with P. angustilineatus. The sequence of P. acuminatus (MC 1555) sampled here is from Mahecha et al. and its position is highly divergent from the position of the P. acuminatus sampled by Padial et al. (2014a) , QCAZ 19664, which in their tree-alignment + parsimony analysis is related to P. cf. mendax and P. bromeliaceus, both of which are members of the P. lacrimosus species group; vouchers of these specimens were not examined. Monophyly of the P. myersi species group was not corroborated because P. hectus and P. thymelensis (QCAZ 16428) fall outside the clade. The other four sampled species of this group (P. festae, P. leoni, P. ocreatus, and P. pyrrhomerus) form a clade (GB = 7). Similarly, monophyly of the P. devillei species group was refuted because of the position of P. acatallelus, recovered inside the P. leptolophus species group. The other 10 species form a clade with GB = 13 (Fig. 2) .
Within Pristimantis, some species were found to be non-monophyletic, including P. achatinus, P. ockendeni, P. pardalis, P. savagei, P. taeniatus, P. zophus, and P. w-nigrum. Pinto-Sánchez et al. (2012) obtained the same results of non-monophyly for P. zophus (NRPS0071-72) and P. pardalis (KRL0690, AJC0188). Pristimantis taeniatus is tested here with the specimens from Pinto-Sanchéz et al. (2012) , who found the species to be monophyletic; however, our analysis does not support the monophyly of this species because one of the specimens is more closely related to P. yukpa, a species not included by Pinto-Sanchéz et al. (2012) . Sequences of P. savagei NRPS0085 and JJM111 (from Pinto-Sanchéz et al. [2012] and Mahecha et al., respectively) are not each other's closest relatives. Pristimantis achatinus is tested here with two specimens from Mendoza et al. (2012; UVC15867 and UVC15953) , also not each other's closest relatives, and one from Pinto-Sanchéz et al. (2012; AJC0573) , which clusters with UVC 15953. Mendoza et al. (2012) also found P. achatinus to be non-monophyletic, with P. lymani (not included here) nested within the clade. Pristimantis w-nigrum is tested here using two specimens taken from the studies of Mendoza et al. (2012; UVC15923) and the unpublished work of Mahecha et al., (DM1235), which are paraphyletic with respect to P. thectopternus. Insofar as we have not examined the corresponding voucher specimens, we cannot determine if these results owe to identification errors or problems in species delimitation. As noted previously, the monophyly of the Pristimantis leptolophus group was refuted due to the placement of P. acatallellus inside the clade. Pristimantis acatallelus was formerly placed in the P. devillei group by Lynch and Duellman (1997) , which was followed by Hedges et al. (2008) and Padial et al. (2014a) . Mendoza et al. (2015) found P. acatallellus to be sister species of P. capitonis, which was not included here because only COI is available for that species. Pristimantis acatallelus is here included in the P. leptolophus species group.
The sister clade of the Pristimantis leptolophus species group is composed of P. angustilineatus, P. boulengeri, P. brevifrons, P. dorsopictus, P. myops, and P. quantus (Fig. 1 ). Pristimantis angustilineatus, P. myops, P. quantus were previously placed in the P. unistrigatus group (Lynch and Duellman, 1997) but were not assigned to any species group by Padial et al. (2014a) . In turn, P. dorsopictus, P. boulengeri and P. brevifrons were assigned to P. lacrimosus group (Lynch and Duellman, 1997; Padial et al. 2014a) . These clades of the P. leptolophus group and species related to P. boulengeri are sister to a clade containing P. devillei + P. myersi species group, P. verecundus + P. celator and P. jubatus.
Based on these topological results, herein we redefine and characterize the Pristimantis leptolophus species group after briefly proposing a new species group for its sister clade, as follows.
Pristimantis boulengeri species group
Content (Fig. 2) . Eight recognized species: Pristimantis angustilineatus (Lynch, 1998), P. baiotis (Lynch, 1998) , P. boulengeri (Lynch, 1981) , P. brevifrons (Lynch, 1981) , P. dorsopictus (Rivero & Serna, 1988) , P. myops (Lynch, 1998) , P. quantus (Lynch, 1998), and P. urani (Rivera-Correa & Daza, 2016) .
Distribution. The species are known from the Cordillera Occidental of Colombia (from Munchique National Park to north of the Orquideas National Park, at elevations of 1780-2610 m) and along the Cordillera Central of Colombia (from Cauca Department to Antioquia Department, 2500-3200 m).
Morphological diagnosis. Males with vocal slits and external vocal sac. Dorsolateral folds absent (with exception of Pristimantis quantus). Ventral skin coarsely areolate. Parietal peritoneum covered by iridophores (condition unknown in P. quantus and P. myops). Nuptial pads present on Finger I (absent in P. myops). Ulnar tubercles present (with exception of P. brevifrons). Tip of snout with small papilla. Double distal subarticular tubercle on Finger III (polymorphic in P. brevifrons). Double distal subarticular tubercle present on Finger IV (polymorphic in P. brevifrons and P. boulengeri). Heel tubercle present (with exception of P. angustilineatus). Finger I shorter than Finger II. Digital discs expanded and round, except in Finger I and Toe I in P. myops, P. quantus and P. brevifrons. Toe V much longer than Toe III, reaching level of distal subarticular tubercle of Toe IV. Cranial crests absent. SQp portion of m. depressor mandibulae reaching dorsally to level of optic ramus of squamosal.
We propose as putative synapomorphies 1) presence of a double distal subarticular tubercle on Finger III, 2) presence of a double distal subarticular tubercle on Finger IV, 3) parietal peritoneum covered by iridophores (unknown in P. myops and P. quantus), 4) extended external vocal sac; and 5) tip of the snout with small papilla.
Comments. Pristimantis brevifrons, P. boulengeri and P. dorsopictus were species of the P. lacrimosus group, which is not monophyletic according to our results. Hedges et al. (2008) included three of the 18 species then placed in the P. lacrimosus group, and those three species also form a clade in our results. Hedges et al. (2008) characterized the group as arboreal and commonly inhabiting bromeliads. Pinto-Sánchez et al. (2012) found the species group to be paraphyletic, with P. brevifrons falling outside the clade. Padial et al. (2014a) also failed to corroborate the monophyly of the P. lacrimosus group due to the placement of P. acuminatus, a species of P. unistrigatus species group sensu Hedges et al. (2008) , inside the group. They transferred this and several other species to the P. lacrimosus group, due to the presence of an acuminate snout, smooth dorsal skin, and round and ovate finger and toe discs, bringing the total number of species to 25. Mendoza et al. (2015) sampled more specimens of P. brevifrons and also recovered this species outside the P. lacrimosus species group, but also found P. moro to be placed inside the group. Rivera-Prieto et al. (2015) included P. dorsopictus in their analysis and found it to be placed outside the P. lacrimosus species group. Heinicke et al. (2015) sampled P. prolixodiscus, then a member of the P. lacrimosus species group and, finding that species to fall outside Pristimantis, designated it as the type species of their new genus Tachiramantis. Rivera-Correa and Daza (2016) found P. lacrimosus group to be paraphyletic, noting that the species formed two clades (their clades A and B). They also describe a new species, P. urani, as the sister of P. brevifrons according to their phylogenetic hypothesis.
DNA sequences are unavailable for Pristimantis lacrimosus and its phylogenetic position has never been tested. Lynch and Schwartz (1971) redescribed P. lacrimosus, and Heyer and Hardy (1991) designated the specimen figured by Lynch and Schwartz (1971) as neotype. Neither the figure nor the redescription show double distal subarticular tubercles on Fingers III or IV, putative synapomorphies of the P. boulengeri group, proposed herein. On that basis, we hypothesize that P. lacrimosus is not part of this clade, which is the reason we propose the P. boulengeri group as a new group. DNA sequences are also unavailable for Pristimantis baiotis and its phylogenetic position also has not been tested, so it is here tentatively allocated based on putative morphological synapomorphies, especially the double subarticular tubercles (Lynch, 1998) . The description of P. urani was published (Rivera and Daza, 2016) after analyses for the present study had been completed. As such, we include it in the P. boulengeri group on the basis of Rivera and Daza's (2016) phylogenetic analysis.
The Pristimantis boulengeri and P. leptolophus species groups form a monophyletic group with GB = 21. Pristimantis brevifrons, P. angustilineatus, P. boulengeri, and P. dorsopictus can inhabit bromeliads (Lynch, 1981; Lynch, 1998; Rivero and Serna, 1988 ). Fig. 2 and 3) . Nine named species, six unnamed species, five in process of description: Pristimantis acatallelus (Lynch and Ruiz-Carranza, 1983) , P. leptolophus (Lynch, 1980) , P. lasalleorum (Lynch, 1995) , P. maculosus (Lynch, 1991) , P. parectatus (Lynch and Rueda-Almonacid, 1998) , P. peraticus (Lynch, 1980) , P. scoloblepharus (Lynch, 1991) , P. stictus González-Durán, 2016, P. uranobates (Lynch, 1991) Morphological diagnosis. The Pristimantis leptolophus group is diagnosed by the following morphological character-states: Males with vocal slits (except Pristimantis sp. 1). Vocal sac internal (except in P. acatalellus P. leptolophus and Pristimantis sp. 3). Dorsolateral folds or scapular ridges present. Ventral skin coarsely areolate. Ulnar tubercles present. Heel tubercle and tubercles on outer edge of tarsus present. Inner tarsal fold short. Eyelid tubercles conical, subconical or small warts. Finger I shorter than Finger II. Digital discs expanded except on Finger I, which is narrow. Toe V much longer than Toe III, almost reaching distal edge of distal subarticular tubercle on Toe IV. Digital discs on toes expanded (narrow on Toe I in P. peraticus). Frontoparietal fenestra almost entirely hidden, visible only between the narrow space between the parallel frontoparietals, frontoparietal crests absent (Fig. 4b, d , e). Anterior margin of optic fenestra ossified (Fig. 4c , e) (cartilaginous in P. acatallelus and Pristimantis sp. 1 as in Fig. 4a , polymorphic in P. maculosus, P. peraticus, P. scoloblepharus, P. uranobates as in Fig. 4e ). Dorsal fascia slip (DF) of m. depressor mandibulae absent (present in P. scoloblepharus, Pristimantis sp. 1, and Pristimantis sp. 5). Squamosal flap of m. depressor mandibulae short, overlapping otic ramus of squamosal (SQ). Posterior fibers of squamosal slip of m. depressor mandibulae originating from m. levator posterior longus at level of otic ramus of squamosal (SQp).
Pristimantis leptolophus species group

Content (
Only one character-state is proposed as putative synapomorphy: 1) Posterior fibers of squamosal slip of m. depressor mandibulae (SQp) at the level of otic ramus of squamosal (Table 2 , Fig. 5d, f) .
Morphological characterization. External morphology. Species of the Pristimantis leptolophus group are small-medium in size, SVL < 27.8 mm in females and 20.3 mm in males (except P. acatallelus, maximum SVL = 31.7 mm in females, 27.2 mm in males; Lynch and Ruiz-Carranza, 1983) . Snout short, subacuminate or round in dorsal view, rounded or protruding in lateral profile. Tip of snout with small papilla in some specimens, mostly males (P. leptolophus, P. stictus, Pristimantis sp. 3, and P. scoloblepharus). Canthus rostralis concave. Adult males with vocal slits (absent in Pristimantis sp. 1), vocal sac internal (external in P. acatalellus, P. leptolophus, Pristimantis sp. 3). Nuptial pads on Finger I present in P. lasalleorum, P. maculosus, P. scoloblepharus, P. uranobates, Pristimantis sp. 1, and Pristimantis sp. 4, absent in P. acatallelus, P. leptolophus, P. parectatus P. peraticus, P. stictus, Pristimantis sp. 2, Pristimantis sp. 3, and Pristimantis sp. 5. Dorsolateral folds complete, thick in P. uranobates, P. scoloblepharus, P. lasalleorum, Pristimantis sp. 4, and Pristimantis sp. 5, thin in P. acatallelus, P. stictus, P. leptolophus; polymorphic in P. parectatus, P. peraticus, Pristimantis sp. 3; incomplete, row of tubercles reaching level of sacrum in P. maculosus and Pristimantis sp. 2 (polymorphic in P. parectatus; only scapular ridges present in Pristimantis sp. 1). Ventral skin coarsely areolate. Ulnar tubercles small, subconical. Tubercles present on heel and outer edge of tarsus. Inner tarsal fold short. Supernumerary plantar tubercles present. Upper eyelid tubercles conical (P. lasalleorum, P. parectatus, P. scoloblepharus and P. uranobates), subconical (P. leptolophus, P. peraticus, Pristimantis sp. 1, Pristimantis sp. 2, Pristimantis sp. 3, Pristimantis sp. 4 and Pristimantis sp. 5), or forming small warts (P. maculosus). Finger I shorter than Finger II, fingers with expanded round digital discs, except Finger I. Relative length of fingers: I < II < IV < III. Lateral fringes on fingers and toes present (less developed in Pristimantis sp. 3, absent in P. parectatus). Length of toes IV > V > III > II > I. Toe V is much longer than toe III, extending near distal edge of distal subarticular tubercle on Toe IV. Digital discs expanded and round (except on toe I in P. peraticus).
Cranium (Fig. 4) . In dorsal view, the sphenethmoid is concave posteriorly and hidden dorsally by the frontoparietal. Anteriorly, it reaches, but is not overlapped, by the nasals (except in Pristimantis acatallelus and Pristimantis sp. 1, Fig. 4b ). In ventral view, the anterior margin of optic fenestra is ossified (cartilaginous in P. acatallelus and Pristimantis sp. 1, Fig. 4a , polymorphic in P. maculosus, P. peraticus, P. scoloblepharus, and P. uranobates, Fig. 4e ). Anteroventrally, it is overlapped by the vomers. The nasals are separated medially (Fig. 4d , e) (except in P. acatallelus and Pristimantis sp. 1, in which they are in contact, Fig. 4b ). The maxillary process of the nasal does not approximate the preorbital process of the maxilla. The frontoparietal crests are absent and the frontoparietal fontanelle is almost hidden (Fig. 4b, d, f) . Posterolaterally, the frontoparietal extends to the level of, but do not overlap, the epiotic eminence of the prootic (Fig. 4b, d, f) . The frontoparietal and prootic are separate, not fused. The cultriform process of the parasphenoid does not reach the level of the palatines and vomers; it almost reaches the palatines, lying just posterior to them (Fig. 4a, c, e) . The otic ramus of the squamosal contacts the cartilaginous crista parotica and does not reach the otoccipital. The stapes (= columella auris) is present (absent in P. peraticus). The vomers are separated medially. The prechoanal process is triangular, poorly developed, and laterally oriented. The postchoanal process is narrow and pointed (Fig. 4b, d, f) . The dentigerous process of the vomer is elongate and narrow, directed posteromedially, extending posteriorly but not reaching the palatine. Pristimantis leptolophus, P. lasalleorum, and P. stictus bear oblique keels on the vomers and lack odontophores and teeth ( Fig. 4c) (as defined by González-Durán, 2016), whereas P. uranobates, P. peraticus, P. parectatus, P. maculosus, P. scoloblepharus, Pristimantis sp. 3, and Pristimantis sp. 4 bear a small odontophore with a few teeth (Fig. 4a) , and P. acatallelus and Pristimantis sp. 1 have triangular odontophores with a transverse row of teeth (Fig. 4a) . The palatine contacts the maxilla and sphenethmoid. The pterygoid is triradiate and the anterior ramus contacts the maxilla, being longer than the posterior and medial rami.
Hyobranchial apparatus. The hyoid plate is cartilaginous, bearing posterolateral processes directed posteriorly and ossified posteromedial processes. The anterolateral processes are absent, except in Pristimantis stictus, where it may be absent or present. The hyales are thin and reach the ventral part of the otic capsule. They bear anterior processes, which are as long as the length of the hyoid plate. 
curtipes (ICN22199, female). C) P. devillei (ICN10734, female). D) P. leptolophus (ICN41835, female). E) P. myersi (BCQ827, female). F) P. scoloblepharus (ICN55769, female).
Axial skeleton. The vertebral column has eight procoelous, presacral vertebrae. This condition varies intraspecifically in some species in which the eighth vertebra and sacrum are fused in some specimens (e.g., P. uranobates, ICN 29876; P. stictus, ICN 55717; P. leptolophus, ICN 6745, 25925; P. peraticus, ICN 40777). The vertebrae have complete neural arches and low neural processes. The relative lengths of the transverse processes and sacral diapophyses are: III ≈ Sacrum > IV > II ≈ V ≈ VI ≈ VII ≈ VIII. The sacral diapophyses are slightly expanded distally. The urostyle has a well-developed dorsal ridge that extends along half its length. The phalangeal finger formula is 2-2-3-3, and phalangeal toe formula is 2-2-3-4-3. The proximal phalanx of Toe IV is less than or equal to half the length of Metacarpal IV, which causes the distal phalanx of toe V to reach the base of the penultimate phalanx of Toe IV.
Depressor mandibulae musculature. (Fig. 5 , Table 2 ). The group of fibers originating from the otic ramus of the squamosal (SQ) has a small flap overlapping the otic ramus (SQ1) (Fig. 5 d, f) . The fibers with origin on the posterior region of the squamosal (SQp), originate on the m. levator posterior longus at the level of the otic ramus of the squamosal (SQp1) (Fig. 5d, f) ). Additionally, there are no fibers with origin in the dorsal fascia over the scapula (DF2) (except in P. scoloblepharus, Pristimantis sp. 1, and Pristimantis sp. 5, Fig. 5f ). 
PHYLOGENY OF THE PRISTIMANTIS LEPTOLOPHUS SPECIES GROUP
Comparison to related species groups
According to the topology, the related groups of Pristimantis leptolophus group are the P. devillei, P. myersi, and P. boulengeri species groups and the unassigned species P. celator, P. verecundus, and P. jubatus. These species share morphological similarities and are distributed in the northern Andes of Ecuador and Colombia. Therefore, a comparison with the three species groups is here presented. External morphology. A character used in the diagnosis of species groups of Brachycephaloidea is the length of Toe V relative to Toe III, as defined by Lynch and Duellman (1997) . In the Pristimantis myersi group, Toe V is shorter than Toe III (Type A of Lynch and Duellman, 1997) in P. myersi, P. ocreatus, P. repens, and P. trepidotus, whereas it is only slightly longer than Toe III (Type B of Lynch and Duellman, 1997) in P. floridus, P. hectus, and P. leoni, in which Toe V slightly surpasses the medial subarticular tubercle of Toe IV (Lynch, 1991; Lynch, 1994; Lynch and Duellman, 1997) . In the P. devillei group, Toe V is only slightly longer than Toe III (Type B of Lynch and Duellman, 1997) , with the exception of P. thymalopsoides, described by Lynch and Duellman (1997) as possessing Type C, in which Toe V reaches the level of at least the proximal margin of the distal subarticular tubercle of Toe IV. Like P. thymalopsoides, the P. boulengeri and P. leptolophus groups have the Type C condition. Lynch and Duellman (1997) characterized all members of the former P. orcesi and P. unistrigatus species group as having the Type C condition, but these groups are highly polyphyletic (Hedges et al., 2008) .
All species of the Pristimantis leptolophus group except Pristimantis sp. 1 have vocal slits, but most do not possess an external vocal sac (except in P. acatalellus, P. leptolophus, and Pristimantis sp. 3). In contrast, all species of the P. boulengeri group have both vocal slits and an expanded, external vocal sac. Species of the P. devillei group do not have vocal slits or a vocal sac (vocal slits and external vocal sac present in P. silverstonei) and species of the P. myersi group present vocal slits and an internal vocal sac (vocal slits absent in P. floridus and P. xeniolum).
Nuptial pads are present on Finger I of the Pristimantis leptolophus group, except in P. acatallelus, P. leptolophus, P. parectatus, P. peraticus, P. stictus, Pristimantis sp. 2, Pristimantis sp. 3, and Pristimantis sp. 4. Most species possess nuptial pads in the P. boulengeri group, with the exception of P. myops, and the P. devillei group, with exception of P. cacao, P. devillei, P. gentry, P. hamiotae, P. romanorum, P. silvertonei, P. siopelus, P. surdus, and P. susaguae. Species of the P. myersi group do not usually have nuptial pads, the only exception being P. myersi.
Dorsolateral folds are present in most species of the Pristimantis leptolophus species group. Only P. quantus presents dorsolateral folds in the P. boulengeri group, whereas the P. devillei group has fleshy dorsolateral folds in all species except P. cacao, P. chrysops, P. xylocobates, and P. xestus. Species of the P. myersi group lack dorsolateral folds.
In the Pristimantis leptolophus species group, only scapular ridges occur in Pristimantis sp. 1. In the P. boulengeri group, P. myops has scapular folds. Several species of the P. myersi group have paravertebral, scapular and sagittal folds (P. bicantus, P. hectus, P. leoni, P. gladiator, P. repens, P. festae, P. munozi, and P. ocreatus).
In Pristimantis leptolophus group some individuals (mostly males) of P. leptolophus, P. stictus, Pristimantis sp. 3, and P. scoloblepharus can have a protuberance on the tip of the snout. All species of the P. boulengeri group have a pointed tip or papilla on the snout. No species of the P. myersi (except P. bicantus and P. leoni) or P. devillei group present a protuberance on the tip of the snout.
The Pristimantis leptolophus group has fingers with expanded, round, digital discs, except Finger I. Species of the P. myersi group can be distinguished by their narrow digital discs. In the P. devillei group the discs on the digits are expanded and round (P. devillei and P. duellmani) or narrow (P. buckleyi and P. curtipes). All species of the P. boulengeri group have expanded digital discs.
Osteology. The P. leptolophus species group is characterized by the frontoparietal fontanelle being almost hidden (equivalent to "not exposed" of most authors, e.g., Guayasamin 2004; Padial et al. 2007 ) because of the median proximity of the frontoparietals, which do not contact each other (Fig. 4b, d, f) . As an ontogenetic state of incomplete ossification of the frontoparietals, in juveniles and subadults we also observed a large, irregularly shaped, posterior gap between the frontoparietals, similar to that reported in Tachirimantis prolixodiscus by Heinicke et al. (2015) . The frontoparietal fontanelle is almost hidden in different groups of Brachycephaloidea, which some authors (e.g., Guayasamin 2004 ) have suggested has value in delimiting species and species groups; however, the homology of the character-state has never been tested phylogenetically. This character-state has been reported in species of Yunganastes (Padial et al. 2007 ) and the P. orcesi species group, as well as P. lynchi, P. vicarius, and P. pseudoacuminatus (Guayasamin, 2004) .
All species of the Pristimantis devillei species group included in our analysis present cranial crests. We did not include P. cacao, P. chrysops, P. hamiotae, P. romanorum, P. satagius, P. silverstonei, P. siopelus, P. sobetes, P. sulculus, P. susaguae, P. xestus, and P. xylochobates. All species confirmed by any phylogenetic analysis, including the present study, as pertaining to the P. devillei species group, present cranial crests, including P. buckleyi, P. curtipes, P. devillei, P. duellmani, P. gentry, P. quinquagesimus, P. surdus, P. thymalopsoides, P. truebae, and P. vertebralis. Among the untested species of the P. devillei species group, all have cranial crests except P. romanorum, P. silverstonei, and P. susaguae, accordingly to their original descriptions (Lynch and Ruiz-Carranza, 1996; Rueda-Almonacid et al. 2003; Yánez-Muñoz et al. 2010) . The P. leptolophus species group lacks cranial crests, and although cranial crests were reported in the description of P. peraticus (Lynch, 1981) , they were not observed in any individual of this species in the present study, including specimens collected near the type locality. Cranial crests of frontoparietals are also present in the P. bellona and P. loustes species groups, as well as a few other species (e.g., P. galdi, P. torrenticola, P. tribulosus; Lynch and Duellman, 1997) .
The shape of the vomer is distinctive in some Pristimantis species groups because the dentigerous processes may be absent or present, more or less developed, and with different numbers of teeth. Some species of the P. leptolophus group have an elongation of the dentigerous process leading to the formation of a keel embedded in the mucosa of the mouth and lack odontophores, including P. stictus, P. leptolophus, and P. lasalleorum (González-Durán, 2016) . This keel and absent odontophores were also observed in the P. boulengeri species group (P. myops, P. quantus, P. dorsopictus, and some individuals of P. brevifrons) and the P. myersi species group (P. floridus¸ P. xeniolum and some individuals of P. myersi). The larger species of the P. leptolophus group have large odontophores and large transversal row of teeth (e.g., P. acatallelus and Pristimantis sp. 1).
Depressor mandibulae musculature (Table 2 , Fig. 5 ). The Pristimantis boulengeri and P. devillei species groups present the posterior portion of the squamosal slip (SQp) dorsally past the level of the otic ramus of the squamosal (SQp2) (see Table 2 , Fig. 5a , b, c), whereas the P. myersi group does not present the SQp portion (SQp0, Fig. 5e ), and in species of the P. leptolophus group the SQp slip is at the same level as the otic ramus of squamosal (SQp1, Fig. 5d, f) . Among the species of the P. devillei and P. myersi species groups we studied, only P. ocreatus and P. leoni present the flap in the SQ portion (SQ1). In the P. boulengeri group, only P. brevifrons and P. angustilineatus present the DF portion (DF1).
Discussion
Phylogenetic relationship of the Pristimantis leptolophus species group and comments on related groups
The Pristimantis leptolophus group was not recovered as strictly monophyletic in our analysis due to the position of P. acatallelus inside the group (Fig. 1 ). As such, we refer P. acatallelus to the P. leptolophus group based on its phylogenetic position and shared characteristics (i.e., posterior portion of SQ slip at same level as the otic ramus of the squamosal, dorsolateral folds present, "C" condition of Toe V). Lynch and Duellman (1997) included the species in the P. devillei group; however, the results of Mendoza et al. (2015) suggest it is the sister species of P. capitonis. Pristimantis capitonis was not included in the present analysis because only a single gene (COI) was available for it on GenBank. Pristimantis capitonis was referred to the P. unistrigatus group by Lynch (1998), which was followed by Hedges et al. (2008) , and was not referred to any species group by Padial et al. (2014a) . It possesses dorsolateral folds, lacks the DF portion of the m. depressor mandibulae, the posterior portion of the SQ slip (SQp) is at the same level as the otic ramus of the squamosal, and its odontophores are triangular with a transverse row of teeth, as in P. acatallelus and Pristimantis sp. 1. These characters and the analysis of Mendoza et al. (2015) suggest that P. capitonis might also be part of the P. leptolophus species group, but additional evidence and analyses are necessary to corroborate this hypothesis.
In the Pristimantis leptolophus species group, P. lasalleorum, Pristimantis sp. 4, P. peraticus and Pristimantis sp. 5 comprise a monophyletic group distributed exclusively in páramos at elevations > 3200 m. The sister species P. uranobates and P. scoloblepharus both occur in the northern region of the Cordillera Central (Tolima, Caldas, and Antioquia Departments) and are distributed allopatrically, with P. scoloblepharus in Antioquia and P. uranobates in Tolima, Risaralda, and Caldas. Pristimantis sp. 1 is sister to all other species of the P. leptolophus species group (Fig. 1) . This species lacks dorsolateral folds and vocal slits, which are present in all other species of the group. The vocal sac is present in all species of the P. leptolophus, P. boulengeri, and P. myersi species groups, as well as P. verecundus, P. celator, P. hectus, and P. jubatus, so its absence in Pristimantis sp. 1 is autapomorphic. Both Pristimantis sp. 1 and P. acatallelus are larger species with more developed odontophores and a transverse row of teeth; however, P. acatallelus is more closely related to Pristimantis sp. 2 and P. leptolophus, both smaller species with no or few teeth in a round formation. Also, the anterior margin of optic fenestra is cartilaginous in these species. In other species of the P. leptolophus group, the anterior margin of the optic fenestra is ossified, but this is polymorphic in some species (e.g., P. maculosus, P. peraticus, P. scoloblepharus, and P. uranobates). Nuptial pads are absent in many species of the P. leptolophus group. Their presence in the P. boulengeri group (except P. myops) and Pristimantis sp. 1 show that the absence of nuptial pads is a synapomorphic character of P. leptolophus species group minus Pristimantis sp. 1, with three independent internal reappearances.
Sequences of the terminals Pristimantis permixtus (CAP 765; identified as P. permixtus by Mahecha et al.) and P. uranobates (MAV 258) were obtained from the unpublished study of Mahecha et al. We were unable to find either voucher specimen, which prevented us from confirming their identities. Pristimantis permixtus currently is not referred to any species group (Padial et al. 2014a ). It does not present dorsolateral folds or vocal slits, and it is a large species with an extensive DF slip of the m. depressor mandibulae, well-developed nasal, adjacent frontoparietals, and elongate vomers. According to Lynch (1979) and Lynch et al. (1994) , P. permixtus resembles P. supernatis. Also, comparisons to sequences of P. permixtus from the type locality (data not shown), the topology and genetic distances (see Table 3 ; Fig. 2 ) indicate that Pristimantis permixtus CAP 765 actually corresponds to an undescribed species of the P. leptolophus species group, here named Pristimantis sp.6. Pristimantis uranobates (MAV 258) of Mahecha et al. (labeled Pristimantis sp. 5 MAV 258 in our tree) presents 1.2% distance in 16S from Pristimantis sp. 5 (Table 2 and Fig. 2 ). Based on its position and genetic distance we hypothesize they are conspecific.
DNA sequences of the three specimens of Pristimantis sp. 1 are identical and, therefore, collapse into a polytomy. The other two polytomies in the P. leptolophus species group are composed of P. acatallelus, P. leptolophus and Pristimantis sp. 2, and P. lasalleorum, Pristimantis sp. 4, and Pristimantis sp. 6 (CAP 765). Although these species form polytomies, each can be validated as different species by morphology and genetic distances (Table 3) .
Regarding the outgroup species, we recovered a clade composed of P. verecundus + P. celator as sister clade of the P. devillei species group (GB = 6). In previous studies, these species were the sister clade of the P. myersi species group (Hedges et al. 2008 , Padial et al. 2014a , Rivero-Prieto et al. 2014 , Mendoza et al. 2015 . These two species were previously members of the P. unistrigatus species group (Lynch and Duellman, 1997) but are not referred to any species group presently (Padial et al. 2014a) . Further analysis including additional characters and taxa may better define the position of these species. The same may be necessary to stabilize the position of P. jubatus and P. hectus.
Pristimantis thymelensis was included in the P. myersi species group (sensu Padial et al. 2014a) ; however, other studies contradict this result (Hedges et al. 2008; Pinto-Sanchéz et al. 2012; Mendoza et al. 2015) . OrtegaVenegas et al. (2014) included the two specimens of P. thymelensis available in Genbank, QCAZ 16428 and WED 53004. QCAZ 16428 is grouped with P. eriphus, P. chloronotus, and P. supernatis, whereas WED 53004 is placed in the P. myersi species group as sister of P. ocreatus (cf. Padial et al. 2014a) . WED 53004 has 1% of distance in the H1 fragment from P. ocreatus KU 208508 and 14% to the other P. thymelensis QCZA 16428. There is clearly a problem in the identification of these specimens. Pristimantis celator, P. jubatus, and P. verecundus are not placed in any species-group. Further studies are necessary to better evaluate their phylogenetic position and the composition of P. myersi and P. devillei species groups.
Relevant characters. Some osteological character states might be useful to delimit species groups, such as the degree of exposure of the frontoparietal fontanelle, the size of the sphenethmoid, and the overlap of the sphenethmoid and the nasals. Savage (1987) discussed the usefulness of the m. depressor mandibulae to delimit different groups of Brachycephaloidea; however, its utility was rejected for use in systematics by Lynch (1993) due to extensive variation. Nevertheless, and based on our review of four groups of Pristimantis, we conclude that: 1) the m. depressor mandibulae revealed a useful character (i.e. posterior part of SQ, SQ flap, and DF; Fig, 5 ) that is almost invariable in some clades, with the DF portion and posterior part of SQ being absent in the species of P. myersi group (P. leoni, P. myersi, P. ocreatus) but present in the P. devillei (P. duellmani, P. buckleyi, P. curtipes) and P. boulengeri groups (DF portion present in P. brevifrons and P. angustillineatus). In the P. leptolophus group, some states of the m. depressor mandibulae (absence of DF portion, presence of SQ flap and SQ posterior part) occur almost invariably: the DF portion of m. depressor mandibulae independently appears in P. scoloblepharus, Pristimantis sp. 1, and Pristimantis sp. 5. There is still a need for additional studies of this character system in Brachycephaloidea, which might provide morphological synapomorphies for clades and better understanding of morphological evolution. Lynch and Duellman (1997: 42) emphasized the relative lengths of Toes III and V as "a character of systematic importance." Within the clade composed of these four groups (Pristimantis boulengeri, P. devillei, P. leptolophus, 12: Pristimantis sp. 5 3.5 6.2 4.1 1.9 2.7 3.6 3.9 4.3 3.7 2.5 2.5 -ICN55775 13: P. uranobates 3.9 6.2 4.5 3.7 3.9 4.4 4.5 4.5 4.5 3.1 3.5 2.7 -ICN55770 14: P. uranobates 3.1 5.7 3.8 2.9 3.3 4.6 4.3 3.5 3.5 2.2 2.6 2.5 1.4 - PHYLOGENY OF THE PRISTIMANTIS LEPTOLOPHUS SPECIES GROUP and P. myersi), the length of Toe V is variable. Toe V is shorter in the P. myersi group than other groups (reaching or slightly exceeding the penultimate subarticular tubercle of Toe IV), Toe V is longer in species of the P. devillei group than in the P. myersi group (reaching the middle part between the penultimate and distal subarticular tubercle of Toe IV), and P. leptolophus and P. boulengeri groups have a much longer Toe V than the P. devillei and myersi groups (Toe V reaches the distal or proximal part of distal subarticular tubercle of Toe IV in P. leptolophus and P. boulengeri groups) (Lynch, 1994; Lynch and Duellman, 1997; Hedges et al. 2008) . Unknown and cryptic diversity in the Pristimantis leptolophus species group. The Pristimantis leptolophus group is a small clade distributed in the northern Andes of Colombia. However, the diversity of the group is still poorly studied and there are probably more species to be discovered. In this preliminary analysis we found five unnamed species in the north section of Cordillera Central, but south of Cordillera Central and the páramos of the Cordillera Occidental are areas of Colombia that are poorly sampled. Based on our revision of scientific collections we estimate that there are five more undescribed species that have not yet been included in phylogenetic analysis due to the lack of DNA-quality tissue samples.
According to genetic distances, by comparing 16S sequences equivalent to the fragment of ~580 bp amplified by the AR-BR primer pair, pairwise distances between species of the Pristimantis leptolophus group vary between 1.9-7.3% (Table 3 ). The specimen identified as P. leptolophus (JJS 093) does not have the fragment amplified by AR-BR, but presents a distance of 4% from Pristimantis sp. 2 (ICN 55759) in a portion of the 16S gene equivalent to that amplified by primers L2A-H10.
All three specimens identified as Pristimantis sp. 1 have the same haplotype, as do the two specimens of P. scoloblepharus. However, this is not the case for P. uranobates, which is a polymorphic, broadly distributed species; the specimens sampled in this study represent to three localities, Pensilvania and El Cedral from Caldas Department and Ucumarí from Risaralda Department, and the genetic distance is 1.4-1.8% between these three specimens. Another noteworthy result derived from the comparisons of genetic distances includes the unexpected variation between the two specimens of P. peraticus and the two specimens of P. parectatus. There is a distance of 1.3% and 1.0%, respectively, between these samples from Herrera, Tolima Department, and Palmira, Valle del Cauca Department, and Aguadas, Caldas Department and Sonsón, Antioquia Department. More studies are necessary to better understand the status of these populations. .3
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